properly cited.
Introduction
Previous researchers have indicated that although there is increasing evidence of the association of oral health and general health, oral health education in undergraduate and graduate medical education is lacking [1, 2] . The lack of knowledge was formally documented to be the result of the limited extent to which oral health content is presented in nondental professional programs [2] . In that study, the inclusion of oral-systemic science was rated as only somewhat important by 53.7% of responding administrators of nursing, pharmacy, and medical schools. Although dental education at one time focused on mechanical techniques and detail, the curriculum has broadened to include sophisticated biomedical concepts, psychosocial concepts, public health epidemiology, oral-systemic science, pain, craniofacial defects, trauma, cancer, and tobacco cessation (among other topics) in a multicultural environment [3] . The broader curriculum has increased referrals from dentistry to other health professions.
However, the old paradigm of a dentist as only a tooth doctor [2] and the historic separation of medical and dental education and patient care [4] have influenced the attitude 2 Journal of Biomedical Education that oral-systemic science is only somewhat important to medicine, nursing, and pharmacy. There is an urgent need for collaboration, prevention, patient counseling, and dental referrals by nondental healthcare providers [4] . Physicians are more likely to see poor children early than dentists are, and physicians are encouraged to provide dental anticipatory guidance. There is a significant need to bridge the lack of knowledge and increase the attitude of oral health importance given the consequences of neglected oral disease and the suffering associated with it [4] . Programs such as the Smiles for Life Oral Health Curriculum [5] and the West Virginia University My First Patient Program were developed to meet those needs. In particular, one of the oral health components in the My First Patient Program was to increase the knowledge about saliva and hyposalivation and to determine the rates of salivary flow and saliva testing in a collaborative interprofessional learning setting.
Saliva is exceedingly important for oral and systemic health. In its buffering capacity, it protects the teeth from caries and the oral mucosa from erosions and mucositis. It facilitates the formation of a bolus of food, swallowing, and speaking. Prolonged hyposalivation increases the number of cariogenic, organisms (such as Streptococcus and Lactobacillus), and caries progression [6] . It can lead to tooth sensitivity and difficulty in defending against Candida albicans [7] .
Hyposalivation can initiate a cascade of events. Hyposalivation limits bacterial clearance from the mouth, increasing the likelihood of periodontal disease. Periodontal disease is associated with systemic diseases (diabetes, chronic kidney disease [8] , heart disease, etc.). Not only does oral disease influence systemic disease, but some systemic diseases and conditions influence saliva production. These include autoimmune disorders (such as Sjogren's syndrome, autoimmune liver diseases); endocrine diseases (such as diabetes, hypothyroidism), neurological disorders (such as CNS trauma, cerebral palsy); infectious diseases (such as HIV/ AIDS, hepatitis C); genetic disorders (such as cystic fibrosis, Prader-Willi syndrome); metabolic disturbances (such as malnutrition, eating disorders); cancer associated disturbances (head and neck radiotherapy, chemotherapy, etc.); among others [9] .
Medications with antisialogogue effects are the most frequent causes of hyposalivation [10] . Hyposalivation increases with polypharmacy and is especially likely with the daily use of more than 3 medications [11] . A dry mouth is not a trivial concern [12] . Some patients who have medication-induced low saliva flow may have dryness which is such a challenge that their drug regimen may need to be changed [13] .
Patients often underreport inadequate saliva. People are not generally aware of having a dry mouth (even a transitory dry mouth) until there is an approximate 50% reduction in saliva [14, 15] . Healthcare providers often overlook inadequate saliva as a condition/side-effect of medications [9] . However, educators developing the curriculum for interprofessional education programs are addressing the need to include information about hyposalivation early in the education of healthcare providers.
In the curriculum developed with the My First Patient Program, healthcare students are introduced to the confusing terminology related to oral dryness. For example, the term xerostomia refers to perceived oral dryness; the determination of the condition of xerostomia is made by the patient [16] . Hyposalivation is defined based upon measured stimulated flow rates (generally recognized as less than 1 ml/minute [16] ) or unstimulated flow rates. Researchers do not all agree as to the cut points to define hyposalivation [17, 18] . Additionally, the term "dry mouth" has been defined and used inconsistently. It has been used to refer to perception, a visual observation, or measured salivary flow.
Much of the research relates to the perception of a dry mouth in older adults, with data collected by surveys. However, in two recent surveys of young adults, researchers found no apparent sex difference in the number of respondents reporting always having a dry mouth [19, 20] . In another study of young adults, researchers did indicate a difference between the sexes for xerostomia (19.6% in females and 14.6% in males) [21] . Researchers exploring xerostomia in different psychological disorders found more female patients than male patients had xerostomia [22] . They also found nearly half of patients with anxiety and depression, and over a third of patients with schizophrenia had xerostomia [22] .
When saliva collection, rather than self-report, was used in studies, results were mixed. Researchers found that young adults did not have significant differences in some studies [23, 24] . However, in one study, researchers reported females had lower flow rates attributed (primarily) due to smaller salivary gland sizes associated with differences in body sizes [25] .
The purpose of this study was to introduce salivary collection into an interprofessional curriculum and to determine whether hyposalivation (determined by stimulated salivary flow rate) differed between female and male healthcare students. The rationale was that it is important to determine factors associated with quality of life, oral health, and systemic health outcomes in determining salivary flow and that it is imperative for nondental professional students to understand the importance of oral health as a component in healthcare education.
Having knowledge about the oral health of young adults, particularly the prevalence of hyposalivation, will inform curricula specialists in health profession programs about important content that should be included in the curriculum.
Material and Methods
This study used the Krieger Ecological Theoretical Framework in which an outcome is the result of structural (demographic, community, politics) and biopsychosocial factors. A subset of data (2016 data) was used from the WVU My First Patient Program, 2013-2016, an interprofessional curriculum program in learning about one's own health. The premise of the My First Patient Program is that, by learning to care for oneself, one becomes a more effective healthcare provider. Participants for this study of hyposalivation included medical and pharmacy students who underwent a dental screening in 2016, = 178. The screenings serve as the introduction to the oral health thread in the predoctoral medical and pharmacy curriculum. The mean age of the students was 22.6 years (median = 22, mode = 22, range = 20, and SD = 2.63). West Virginia University (WVU) Institutional Review Board approval is on file and all studies were conducted in accordance with the Declaration of Helsinki (1964). The examiners for the program were dental students and dental faculty. Participants were not instructed to alter their daily routine for the screening; they were not instructed to avoid eating, drinking, chewing gum, brushing, or flossing. The menstrual cycle phase was not collected as a recent study indicated no significant effects of the menstrual cycle phase on unstimulated whole saliva flow [25] . Saliva sample collection occurred over the course of several workdays in August, 2016, from 11:00 a.m. to 6:00 p.m.
Key Dependent Variable.
The primary outcome was stimulated salivary flow rate. Participants were instructed to chew a provided piece of wax (from the Saliva-Check Buffer5 kit, GC America), for 5 minutes, and then to expectorate into preweighed tubes for 5 minutes. The tare weight of the tube was calculated and the stimulated salivary flow rate was determined using a saliva density of 1.0 g/ml [24] . The variable for salivary flow rate was analyzed as both a continuous variable and a categorical (yes/no) variable based on the 1 ml/minute cut point for hyposalivation.
Key Independent
Variables. There were two key independent variables, sex (male, female) and medication use (yes, no). The participants were given a list of 13 medication classes with known hyposalivation effects (Box 1). The participants were asked if they used any of the medications on the list and to provide the number of medications that they used. They were not asked to specify which medication from the list they were taking.
Other Variables.
Other variables considered in the research were based upon the Krieger Ecological Theoretical Framework in which an outcome is the result of structural (demographic, community, politics), and biopsychosocial factors. These variables included race (recoded into nonHispanic white and other), community water fluoridation where he/she lives/works/goes to school (yes, no, and do not know), and participant's perception of having a dry mouth (yes/no).
Analysis. All analyses for this
We conducted a series of logistic regression analyses on the presence of hyposalivation, to assess the adjusted odds ratios. We analyzed interaction terms; however, cell sizes were too small for model inclusion. Also, due to small cell sizes, multiple logistic regression models failed to converge. Further analyses were explored on the salivary flow using general linear model, with adjusted (least square) means pairwise comparisons included, as appropriate. Model assumptions for both the logistic regressions and general linear model were tested. The alpha for significance was determined a priori to be 0.05.
Results
The sample included 178 participants, 67 (37.6%) of whom were males. Of the 167 participants reporting race, 146 (87.4%) were non-Hispanic white. There were 25 (14.37%) participants who had hyposalivation; 72.0% were female, and all were non-Hispanic white. Twenty-three (12.9%) participants reported using a medicine associated with hyposalivation. There were fewer than 10 participants reporting xerostomia. Details of the analyses are presented in Table 1 .
The overall mean stimulated salivary flow rate for all participants was 1.53 ml/minute (SD = 0.73). When considering salivary flow as a continuous variable, there was a significant relationship ( = 2.87; = 0.005) with males having a greater flow rate than females. The mean salivary flow rate for males was 1.73 ml/minute; SD = 0.78 for males. The mean salivary flow rate for females was 1.41 ml/minute; SD = 0.67 for females.
The relationships of salivary flow rate with participant medication use failed to reach significance ( = −.90; = 0.37). The mean salivary flow rate for participants who did not use medications was 1.51 ml/minute; SD = 0.71. The mean salivary flow rate for participants who did use medications was 1.66 ml/minute; SD = 0.84 ( Table 2) .
The results of the logistic regression on hyposalivation as a categorical variable are presented in Table 3 . In unadjusted logistic regression analysis, sex failed to reach a significant relationship with hyposalivation (odds ratio = 1.75, 95% confidence interval: 0.69, 4.49; = 0.24). In unadjusted logistic regression, medication use failed to reach a significant relationship with hyposalivation (odds ratio = 1.30, 95% confidence interval: 0.40, 4.21; = 0.66).
In a general linear model on salivary flow rate as a continuous variable with all two-way interactions included, the model including main effects was significant ( -square = 0.10). Sex was a significant predictor of an increased salivary flow rate (Table 4) . Specifically, males had higher salivary flow 
Discussion
There were 14.3% of students entering medical and pharmacy school who had hyposalivation (stimulated salivary flow rate of less than 1 ml/minute). Based upon self-report, there were fewer than 10 students who reported xerostomia. Most of the participants with xerostomia were female and non-Hispanic white. The average salivary flow was greater in males than females in the bivariate analysis. Greater salivary flow was significant for males in a general linear regression model. However, the association of hyposalivation, as defined by a stimulated salivary flow of 1 ml/minute or less, failed to reach a significant difference between males and females in bivariate analyses or logistic regression analyses. Similarly, hyposalivation failed to reach a significant difference between students using and not using medications in bivariate analyses or logistic regression analyses. It is clinically significant that there were students entering into professional healthcare programs who were unaware of their oral condition in relation to adequacy of saliva and its protective factors.
Professional programs are intensive and it is important to eliminate outdated and peripherally relevant material [3] . There is also a need for learning about critical issues in other professions and developing collaborative networks to benefit patients. The My First Patient experience provides such a pathway by introducing a thread of dentistry into the curriculum of nondental professional programs-a thread that is important in understanding patient cooperation in medication compliance and oral health.
Similar Studies.
The literature has many studies concerning questionnaires about oral dryness and unstimulated saliva; however, there are few studies with which to compare our study of stimulated saliva, sex, and medication use in a young population. In a study of 171 participants, aged 18-33 years, stimulated salivary flow rates were determined to be 1.52±0.69 overall, which corresponds with this study's overall stimulated salivary flow rate of 1.53±0.73 [26] . However, their results for the overall stimulated salivary flow rates for males and females (1.54 ± 0.52 for males and 1.52 ± 0.74 for females [ = 0.84]) were not significantly different as our results were. In a longitudinal study of children, followed from ages 7 to 12 years, at age 12 years, the average stimulated salivary flow rate was 1.8 ml/minute ± 0.6 and there was no significant difference between males and females ( = 0.7697) [18] . In a study of 55 participants, aged 20-40 years, in which saliva was stimulated with citric acid, there was a significant difference in male and female stimulated salivary rates [27] .
Researchers in one study with young adult participants, aged 20 years, found a difference between males and females in the report of oral dryness on a questionnaire in nonmedicated individuals (19.6% in females and 14.6% in males) but failed to identify a difference in medicated individuals (21.9% in females and 22.1% in males) [16] . Our study supports those results, although we used stimulated salivary flow rate rather than questionnaire.
Study Limitations and Strength.
The collection of salivary flow rate is very sensitive to many factors including prior eating/drinking, quiet private settings, time of day [28] , room humidity, body position, and room temperature among other factors [13] . There is a circadian rhythm for stimulated submandibular gland salivary flow rate, and some of the rhythms for other glandular tissues have a high amplitude (acrophase) which potentially affects study results [28, 29] . Since body temperature also has an acrophase, having participants complete the salivary flow rate test when they had similar body temperatures would have provided internal standards to adjust for the circadian rhythms. Another potential limitation of the study is that some participants may have not reported that they were taking medications or underreported the number of medications that they were taking, possibly because of the stigma associated with taking certain prescription medication categories (e.g., antidepressants). Nevertheless, this study has a large population of young adults as a study strength. There were few missing data points, and the results are important in understanding a complex, challenging condition.
The study underscores the need for curriculum that will help students discover the importance of interprofessionalism and self-knowledge as many of the students were unaware of their hyposalivation and the interventions which were possible. The curriculum for the My First Patient Program helps professional students to be aware of their own salivary flow rate baseline levels and to be aware of hyposalivation when discussing medications with their patients. The curriculum includes the collaborative treatment of hyposalivation involving salivary testing and monitoring of medications, as well as pharmacological treatment with salivary stimulants, and prescription fluoride and calcium toothpastes and the suggestion to use sugar-free, nonacidic gum or lozenges and the recommendation of avoiding alcohol containing mouth rinses, smoking, and limited caffeine.
Conclusion
Hyposalivation is a biomedical, public health concern. It is important for healthcare professionals to have experiences to learn about saliva collection, to provide samples, and to interpret results related to cut points. Such curriculum provides opportunities for collaboration among people of multiple fields and helps each understand the roles and skills of each other.
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